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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide fine particles for sun protection and a coating liquid for forming a 
sun protection film capable of forming a sun protection film having a high visible light transmittance, a low 
solar radiation transmittance and a low haze value and to provide a sun protection film. 
SOLUTION: The fine particles for sun protection are fine indium-tin oxide particles having a powder color 
L* of 52-80, a* of -10 to -0.1 and b* of -14 to +20 in the L*a*b* color system and having >55 m2/g 
specific surface area. The coating liquid for forming a sun protection film contains the fine indium-tin oxide 
particles having the above properties. The sun protection film is obtained by heat-treating the coating 
liquid applied on a substrate. 
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* NOTICES * 




iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation* 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The particle for solar radiation electric shielding to which L* of the fine-particles color in a L*a*b* 
color coordinate system is characterized by consisting of indium stannic acid ghost particles -10—0.1 and whose 
b* 52-80, and a* are -14-20 and, whose specific surface area is more than 55m2/g in the particle for solar 
radiation electric shielding. 

[Claim 2] Coating liquid for solar radiation screen formation characterized by distributing the particle for solar 
radiation electric shielding according to claim 1 in a solvent in the coating liquid for solar radiation screen 
formation for forming a solar radiation screen. 

[Claim 3] Coating liquid for solar radiation screen formation according to claim 2 characterized by an inorganic 
binder or a resin binder containing as a binder component. 

[Claim 4] The solar radiation screen characterized by the above-mentioned coating liquid for solar radiation 
screen formation consisting of coating liquid for solar radiation screen formation according to claim 2 or 3 in 
the solar radiation screen which heat-treats the coating liquid for solar radiation screen formation applied on the 
base material, and is formed. 

[Claim 5] The solar radiation screen characterized by forming silicon, a zirconium, titanium, or the oxide film 
of aluminum on a solar radiation screen according to claim 4. 

[Claim 6] The solar radiation screen according to claim 4 or 5 characterized by for the solar radiation 
permeability in 300-2 lOOnm of wavelength regions at the time of 80% or more of light permeability being less 
than 60%, and a haze value being less than 1%. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the coating liquid for solar-radiation screen formation and the 
solar-radiation screen containing the particle for solar-radiation electric shielding used for glass, such as 
apertures, such as a car, a building, an office, and a general residence, a telephone booth, a show window, a 
lamp for lighting, and a transparence case, and the transparence base material which needs another plastics and 
solar-radiation electric-shielding function, and this particle, and relates to the improvement of the particle for 
solar-radiation electric shielding which enables formation of a solar-radiation screen with the low Hayes value 
especially, the coating liquid for solar-radiation screen formation, and a solar-radiation screen 
[0002] 

[Description of the Prior Art] Forming the film which consists of an ingredient which reflects infrared radiation 
in a glass front face, and considering as heat reflective glass conventionally, by making a heat component into 
the approach of removing and decreasing, from the external light sources, such as sunlight and an electric bulb, 
was performed. The metallic material which has free electrons, such as metallic oxides, such as FeOx, CoOx, 
CrOx, and TiOx, and Ag, Au, Cu, nickel, aluminum, so much has been chosen as the ingredient. 
[0003] However, with these ingredients, since the light also had the property reflected or absorbed in 
coincidence in addition to the infrared radiation greatly contributed to a thermal effect, there was a problem to 
which light permeability falls. And in the transparence base material used for building materials, a vehicle, a 
telephone booth, etc., since the high permeability of a light field is needed, when using the above-mentioned 
ingredient, thickness must be made very thin. For this reason, being formed membranes and used for the thin 
film of lOnm level using the physical forming-membranes methods, such as spray printing, a CVD method, or a 
spatter, vacuum evaporation technique, has usually been performed. 

[0004] However, these membrane formation approaches need large-scale equipment and a vacuum facility, and 
a problem is in productivity or large area-ization, and they have the fault that a membranous manufacturing cost 
is high. Moreover, if it is going to make high a solar radiation electric shielding property (property which covers 
the light of 300-2 lOOnm of wavelength regions) with these ingredients, the inclination which becomes high is in 
coincidence, an appearance [ GIRAGIRA / appearance ] like a mirror will be given and the reflection factor of a 
light field will also spoil a fine sight. Furthermore, with these ingredients, when there is much what has 
membranous high conductivity and membranous conductivity is high, the electric wave of a cellular phone, TV, 
radio, etc., etc. is reflected, it becomes non -receipt or there are problems, such as causing an electromagnetic 
interference in a circumference area. 

[0005] In order to have improved such a conventional fault, as a membranous physical property, the reflection 
factor of the light of a light field was low, and the reflection factor of an infrared field was high, and 
membranous conductivity needed to form the more controllable film in general than [ 106ohms / ] **. 
[0006] By the way, the antimony stannic acid ghost and the indium stannic acid ghost (it abbreviates to ITO 
hereafter) are known as an ingredient in which light transmission has the solar radiation electric shielding 
function in which it moreover excelled highly. And these ingredients do not give the appearance [ GIRAGIRA / 
the light reflection factor / appearance / comparatively low ]. However, since a plasma frequency was in a near 
infrared ray field, reflection and the absorption effect of these film in the near-infrared region near the light 
were not enough. 

[0007] Then, the approach which enabled it to also reflect and absorb light of the near-infrared region near the 
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light is proposed by JP,7-69^^A and JP,8-41441,A by using the ITO po^^ of a specific color heat-treated in 
inert gas or weak reducibility gas. And according to this approach, low solar radiation permeability is obtained, 
maintaining high light permeability. However, an ingredient which forms the film of the Hayes value which is 
less than 1% was not yet realized. 

[0008] The above-mentioned Hayes value is the rate of the diffuse-transmission light to all the transmitted 
lights, and when this value is high, it blooms cloudy and is visible to human being's eyes. Therefore, for the 
aperture material as which transparency is required, especially the car application which needs transparency 
more, film of the Hayes value which is less than 1% was desired. 
[0009] 

[Problem(s) to be Solved by the Invention] The place which this invention was made paying attention to such a 
trouble, and is made into the technical problem It is in offering the particle for solar radiation electric shielding 
which enables formation of a solar radiation screen with solar radiation permeability light permeability is high 
and low and low extent in which the Hayes value is moreover less than 1%. Furthermore, it is in offering the 
coating liquid for solar radiation screen formation which can form membranes by the simple applying method, 
without using the physical forming-membranes method of high cost, and the solar radiation screen using this. 
[0010] 

[Means for Solving the Problem] Then, it came to find out the phenomenon in which discover plasma 
absorption strong against the near-infrared region near a light field while having the maximum of permeability 
in a light field by production of the film which distributed the ITO particle of high specific surface area having 
[ and ] a specific fine-particles color when this invention person etc. inquired wholeheartedly, in order to solve 
the above-mentioned technical problem to altitude, and the Hayes value becomes very low [ having the 
minimum of permeability ], and this invention was completed. Here, for L* of the fine-particles color in the 
L*a*b* color coordinate system (JIS Z8729) which Commission Internationale de I'Eclariage (CIE) 
recommends the specific fine-particles color, 52-80, and a* are [ -10—0.1 and b* ] -14-20, and the specific 
surface area of a particle is more than 55m2/g. 

[001 1] That is, 52-80, and a* are [ -10-0.1 and b* ] -14-20, and L* of a fine-particles color [ in / on the 
assumption that the particle for solar radiation electric shielding / in invention concerning claim 1 / a L*a*b* 
color coordinate system ] is characterized by specific surface area consisting of indium stannic acid ghost 
particles which are more than 55m2/g. 

[0012] Next, invention which invention concerning claim 2 is characterized by distributing the particle for solar 
radiation electric shielding according to claim 1 in a solvent on the assumption that the coating liquid for solar 
radiation screen formation for forming a solar radiation screen, and relates to claim 3 is characterized by an 
inorganic binder or a resin binder containing as a binder component on the assumption that the coating liquid 
for solar radiation screen formation concerning invention according to claim 2. 

[0013] Moreover, invention concerning claim 4 is premised on the solar radiation screen which heat-treats the 
coating liquid for solar radiation screen formation applied on the base material, and is formed. Invention which 
is characterized by the above-mentioned coating liquid for solar radiation screen formation consisting of coating 
liquid for solar radiation screen formation according to claim 2 or 3, and relates to claim 5 Invention which is 
characterized by forming silicon, a zirconium, titanium, or the oxide film of aluminum on a solar radiation 
screen according to claim 4, and relates to claim 6 It is characterized by for the solar radiation permeability in 
300-2100nm of wavelength regions at the time of 80% or more of light permeability being less than 60%, and a 
haze value being less than 1% a premise [ the solar radiation screen concerning invention according to claim 4 
or 5 ]. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail. 
[0015] First, in the ITO particle which constitutes the particle for solar radiation electric shielding concerning 
this invention, although the tin content in element conversion is principle arbitration, if it is possible, its 1 - 15 
% of the weight is desirable. It is because dissolving [ of tin ] may become inadequate at less than 1 % of the 
weight when the addition effectiveness of tin may not be seen and it exceeds 15 % of the weight. Moreover, it 
requires that the specific surface area of the above-mentioned ITO particle is more than 55m2/g as mentioned 
above, the above-mentioned optical property considered as a request obtains under by 55m2/g — having — it is 
because there is nothing. 
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[0016] Moreover, as the fin^PErticles color of the ITO particle which consroites the particle for solar radiation 
electric shielding concerning this invention was mentioned above, although L* of the fine-particles color in a 
L*a*b* color coordinate system requires that 52-80, and a* are [ -10-0.1 and b* ] -14-20, it explains the reason 
below. 

[0017] If the interaction of the electron in a general light and the matter is explained, there is a plasma 

frequency of a proper in a certain matter, the light of long wavelength is reflected from this frequency, and it is 

known that the light of short wavelength will be penetrated. 

[0018] Plasma frequency omegap is expressed with the following formulas (1). 

[0019] omegap2=nq2/epsilonm (1) 

Here, for n, a conduction electron consistency and q are [ a dielectric constant and m of electronic charge and 
epsilon ] electronic effective masses. 

[0020] Since a plasma frequency will generally become large if a conduction electron consistency increases, it 
will be reflected to the light by the side of short wavelength. Since a visible ray is penetrated by ITO although a 
reflection factor is already high from a light field with a metal since conduction electron consistencies are three 
1022-/cm andl021/three cm in ITO with a metal, and a near infrared ray region to a reflection factor becomes 
high, it can use as a solar radiation screen. 

[0021] if an ITO particle is processed by the mixed gas of alcoholic content inert gas or reducibility gas, and 
inert gas as indicated by JP,8-41441,A — the fine-particles color - yellow -> yellowish green -> light blue -> 
dark blue -> dark blue -> — the powder-compacting resistance also decreases at the same time it changes that it 
is black. This is considered that the free electron increased by the increment in a hole in order to generate a hole 
and to work as a donor to the indium oxide this hole of whose is a n-type semiconductor like tin by processing 
ITO by the above gas, and it is expected that there is close, a fine-particles color and a conduction electron 
consistency, i.e., a plasma frequency, relation. 

[0022] Then, the place which searched for the conditions for investigating the relation between the fine-particles 
color of an ITO particle and specific surface area, and the solar radiation permeability when forming 
membranes in detail, and attaining high solar radiation electric shielding, If -10—0.1 and b* are set to -14-20 by 
52-80, and a*, L* of the fine-particles color by the L*a*b* color coordinate system in the ITO particle more 
than specific-surface-area of 55m 2/g It was checked that solar radiation permeability becomes low with less 
than 60%, maintaining high light permeability, and the Hayes value moreover becomes less than 1%. 
[0023] Next, although the coating liquid for solar radiation screen formation concerning this invention 
distributes an ITO particle in a solvent, especially a solvent is not limited, and when spreading conditions, a 
spreading environment, and an inorganic binder and a resin binder are made to contain, it is suitably chosen 
according to a binder component. For example, it is usable, and if needed, various kinds of organic solvents 
called ketones, such as ether, such as alcohols, such as water, ethanol, propanol, a butanol, isopropyl alcohol, 
isobutyl alcohol, and diacetone alcohol, methyl ether, ethyl ether, and the propyl ether, ester, an acetone, a 
methyl ethyl ketone, a diethyl ketone, a cyclohexanone, and an isobutyl ketone, may add an acid and alkali, and 
may carry out pH adjustment. Furthermore, since the distributed stability of the particle in coating liquid is 
raised further, of course, addition of various kinds of surfactants, a coupling agent, etc. is also possible. 
[0024] Moreover, although especially the class of an inorganic binder or resin binder is not limited, as an 
inorganic binder, it can use a metal alkoxide, and these partial hydrolysis condensation polymerization objects 
or the ORGANO silazane of silicon, a zirconium, titanium, or aluminum, and can use thermosetting resin, such 
as thermoplastics, such as acrylic resin, and an epoxy resin, etc. as a resin binder. 

[0025] Next, especially if the method of distributing an ITO particle in a solvent is the approach of distributing 
to homogeneity in coating liquid, it will not be limited, for example, a bead mill, a ball mill, a sand mill, a paint 
shaker, an ultrasonic homogenizer, etc. are mentioned. 

[0026] Since conductivity of the film when forming the film using this coating liquid is performed along with 
the electric conduction pass which went via the contact part of an ITO particle, it is easy to be able to cut 
electric conduction pass partially by adjusting the amount of a surfactant or a coupling agent, and to reduce 
membranous conductivity to the surface-electrical-resistance value 106ohms / more than **. Moreover, 
conductivity is controllable also by the degree of the content of an inorganic binder or a resin binder. 
[0027] Next, on a base material, the above-mentioned ITO particle which constitutes the particle for solar 
radiation electric shielding deposits the solar radiation screen concerning this invention on high density, it forms 
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the film, and the resin bindeWr the inorganic binder contained in coating liquid is effective in raising the 
adhesion to the base material of an ITO particle after spreading and hardening, and raising a membranous 
degree of hardness further. Moreover, the degree of hardness of binding capacity or the film and weatherability 
can be further raised to the base material of the film which uses an ITO particle as a principal component by 
putting the coat which consists of silicon, a zirconium, titanium or metal alkoxides of aluminum, and these 
partial hydrolysis condensation polymerization objects further as the 2nd layer, and forming silicon, a 
zirconium, titanium, or the oxide film of aluminum on the film obtained by doing in this way. 
[0028] Moreover, the film obtained when a resin binder or an inorganic binder is not included in coating liquid 
becomes the membrane structure which only the above-mentioned ITO particle deposited on the base material. 
Although a solar radiation shielding effect is shown also as [ this ], it is good to apply the coating liquid which 
contains an inorganic binder or resin binders, such as silicon, a zirconium, titanium, or metal alkoxides of 
aluminum, these partial hydrolysis condensation polymerization objects, further, to form a coat on this film, and 
to consider as multilayers. Since a coating liquid component fills the gap which the ITO particle of the 1st layer 
deposited and is formed by doing in this way, membranous Hayes decreases, and light permeability improves, 
and the binding property to the base material of a particle improves. 

[0029] As an approach of binding the film top which only the above-mentioned ITO particle deposited, or an 
ITO particle with the coat which consists of silicon, a zirconium, titanium, or the metal alkoxides and these 
partial hydrolysis condensation polymerization objects of aluminum on the film used as a principal component, 
the ease of a membrane formation process or the viewpoint of cost to the applying method is effective. 40 or 
less % of the weight of coating liquid in [ all ] a solution is desirable at the oxide conversion from which two or 
more sorts are included and the content is obtained [ one sort or ] after heating in water or alcohol in silicon, a 
zirconium, titanium, and the metal alkoxides and these partial hydrolysis condensation polymerization objects 
of aluminum. Moreover, it is also possible to add an acid and alkali and to carry out pH adjustment if needed. It 
is possible to produce oxide coats, such as silicon, a zirconium, titanium, and aluminum, easily by applying 
such liquid as the 2nd layer further on the film which uses an ITO particle as a principal component, and 
heating it. Furthermore, the ORGANO silazane solution may be used as the binder component used for the 
coating liquid of this invention, or coating liquid for overcoats. 

[0030] Especially the method of application for coat formation of the oxide coat used by the method of 
application and this invention of coating liquid concerning this invention is not limited. For example, which 
approach may be used as long as a spin coat method, the bar coat method, a spray coating method, a dip coating 
method, screen printing, the roll coat method, flow coating, etc. are flatness and the approach of applying to 
homogeneity thinly about processing liquid. 

[0031] And whenever [ after spreading of the coating liquid containing the metal alkoxide and its hydrolysis 
polymerization object of silicon, a zirconium, titanium, or aluminum / base material stoving temperature ] as an 
inorganic binder Since the polymerization reaction of the alkoxide contained in a paint film at less than 100 
degrees C or its hydrolysis polymerization object remains by un-completing in many cases, and water and an 
organic solvent remain in the film and it becomes the cause of reduction of the light permeability of the film 
after heating 100 degrees C or more heat desirable still more preferably above the boiling point of the solvent in 
coating liquid. 

[0032] Moreover, what is necessary is just to make it harden according to each hardening approach, when a 
resin binder is used. For example, what is necessary is just to leave it as it is after spreading that what is 
necessary is just to irradiate ultraviolet rays suitably if it is ultraviolet-rays hardening resin, if it is room- 
temperature-setting resin. For this reason, spreading in the site to the existing windowpane etc. is possible. 
[0033] And since the ITO particle is distributing in the solar radiation screen concerning this invention, there is 
little reflection in a light field compared with the film in which a crystal has the mirror plane-like front face 
which filled the inside of the film precisely like the oxide thin film manufactured by the physical forming- 
membranes method, and it can avoid presenting the appearance [ GIRAGIRA / appearance ]. Moreover, since 
visible [ as mentioned above ] and it has a plasma frequency in a near-infrared region on the other hand, the 
plasma reflection accompanying this becomes large in a near-infrared region. 

[0034] Moreover, multilayers of 1% or less of luminous reflectances can be easily obtained by forming film of a 
low refractive index like Si02 or MgF2 on the solar radiation screen concerning this invention to control 
reflection of a light field further. 
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[0035] Moreover, in order uWTake the further ultraviolet-rays electric shieHnng function of the particle for solar 
radiation electric shielding concerning this invention, coating liquid, and a solar radiation screen give, one sort, 
such as particles, such as titanium oxide of an inorganic system, and a zinc oxide, cerium oxide, a 
benzophenone of an organic system, and benzotriazol, or two sorts or more may be added. 
[0036] According to this invention, manufacture of the solar radiation screen which demonstrates a solar 
radiation shielding effect by using the ITO particle which has the property mentioned above as a particle for 
solar radiation electric shielding is possible, but since this ITO particle is an inorganic material, even if 
weatherability is very high compared with an organic material, for example, it uses it for the part to which 
sunrays (ultraviolet rays) hit, degradation of a color or many functions is hardly produced. Moreover, since the 
coating liquid for solar radiation screen formation concerning this invention is not what forms the above- 
mentioned solar radiation screen using the decomposition or the chemical reaction of a spreading component by 
the heat at the time of baking, it can form the transparency film of the uniform thickness by which the property 
was stabilized. 
[0037] 

[Example] Hereafter, the example of this invention is explained concretely. However, this invention is not 
limited to the following examples. 

[0038] In addition, the color (standard source C, 10-degree visual field) of the light permeability and solar 
radiation permeability of the obtained solar radiation screen, and fine particles was measured using the 
spectrophotometer U-4000 by Hitachi, Ltd. moreover, a haze value — the Murakami Color Research Laboratory 
make — it measured using HR-200. The light permeability of three kinds of film with which membranes are 
formed by three sorts of bar coating machines from which a wire size differs in film evaluation, and the 
obtained thickness differs, solar radiation permeability, and a haze value were measured, respectively, and the 
solar radiation permeability and haze value at the time of 84% of light permeability were calculated from the 
three-point plot. 

[0039] The various ITO particles which have a fine-particles color as shown in the following table 1 for 
selection of the ITO particle applied as a particle for selection solar radiation electric shielding of ITO, and 
specific surface area were prepared. 

[0040] In addition, in Table 1, it is the ITO particle which requires a-e for an example, and is the ITO particle 
which requires f-1 for the example of a comparison. 
[0041] 
[Table 1] 
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Next, the result of having evaluated the optical property about the solar radiation screen concerning the example 
and the example of a comparison which were formed using the above-mentioned ITO particle is described. 
[0042] The paint shaker into which 0.3mm zirconia beads equivalent to 63% of filling factors were put 
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distributed 20 % of the weigffof ITO particles of a of the [example 1] tabiW, 63.3 % of the weight of methyl 
isobutyl ketone, and 16.7 % of the weight of dispersants for 12 hours. 

[0043] Next, after applying the coating liquid which consists of 67.5 % of the weight of obtained dispersion 
liquid, 27.5 % of the weight of acrylic resin solutions which dissolved in methyl isobutyl ketone as binders, and 
5 % of the weight of curing agents to a 100mmxl00mmx3mm soda lime glass substrate with the bar of the yarn 
counts 40, 24, and 6, respectively, it calcinated at 180 degrees C for 1 hour, and the solar radiation screen A was 
obtained. As shown in Table 2, the solar radiation permeability and haze values of the solar radiation screen A 
were 58% and 0.3%, respectively. 

[0044] [An example 2 - an example 5 and the example 1 of a comparison - example 7 of a comparison] except 
having used similarly the ITO particle of b-1 shown in Table 1 It is made to be the same as that of an example 
1., respectively The solar radiation screen B (example 2), the solar radiation screen C (example 3) The solar 
radiation screen D (example 4), the solar radiation screen E (example 5), the solar radiation screen F (example 1 
of a comparison) The solar radiation screen G (example 2 of a comparison), the solar radiation screen H 
(example 3 of a comparison), the solar radiation screen I (example 4 of a comparison), the solar radiation screen 
J (example 5 of a comparison), the solar radiation screen K (example 6 of a comparison), and the solar radiation 
screen L (example 7 of a comparison) were obtained. 

[0045] And as shown in the following table 2, the solar radiation permeability of the example 1 - the example 5 
was all less than 60%, and the Hayes value was less than 1%. On the other hand, all, solar radiation 
permeability exceeds 60% and the haze value of the example 4 of a comparison of the example 1 of a 
comparison - the example 7 of a comparison was 11. 
[0046] 

[Table 2] 
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[0047] 

[Effect of the Invention] For L* of a fine-particles color [ in / in the particle for solar radiation electric shielding 
concerning this invention / a L*a*b* color coordinate system ], 52-80, and a* are [ -10-0.1 and b* ] -14-20. 
And since specific surface area consists of indium stannic acid ghost particles which are more than 55m2/g, it 
has the effectiveness which enables formation of a solar radiation screen with solar radiation permeability light 
permeability is high and low and low extent in which the Hayes value is moreover less than 1%. 
[0048] Moreover, it has the effectiveness that the coating liquid for solar radiation screen formation which can 
form membranes by the simple applying method, without using the physical forming-membranes method of 
high cost can be offered, and the above-mentioned solar radiation screen using this coating liquid for solar 
radiation screen formation can be offered, by making this particle for solar radiation electric shielding contain. 



[Translation done.] 
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